The Fe-doped CuO thin films were deposited onto glass substrates by Spray pyrolysis technique.
Introduction
Because of their sizes, morphology and structure, the metal oxides nanoparticles have been intensively studied in the last decade [1] [2] [3] . Copper oxide nanoparticles have attracted extensive attention recently, because of their unique properties. Indeed the CuO has been studied as a p-type semiconductor with a band gap value 1.2 eV, because of the natural abundance, low cost production processing, nontoxic nature, and its reasonably good electrical and optical properties [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Because of its interesting properties, the Copper oxide material is an important candidate for a variety of practical applications. These properties are included in the electronic and the optoelectronic devices, such as micro-electromechanical systems, spintronics, solar cells, gas sensors [14] and photo thermal applications. Also one find these practical applications in the high temperature superconducting materials, diodes, lithium ion electrochemical cell [15] , field emission devices [16] , nanofluid [17] , giant magneto resistance materials [18, 19] and nano-devices for catalysis [20] .
To synthesize the CuO compound, many different chemical and physical methods have been reported, such as Sol gel, chemical vapor deposition, electro-deposition, thermal oxidation, sputtering process and spray pyrolysis [21] [22] [23] [24] .
The present investigation deals with the study of Iron doping on Copper Oxide thin films by spray pyrolysis technique. The effect of iron doping on various samples of CuO thin films on the structural, Raman, optical and electrical properties have been studied and discussed. In section 2, we illustrate the experimental methods. Section 3 is devoted to results and discussions.
Experimental methods
Undoped and Fe-doped Copper Oxide thin films were prepared onto glass substrates at 350°C by spray pyrolysis technique. A homogeneous solution (200ml) was prepared by dissolving 0.1M of (CuCl 2 .2H 2 O) and (FeCl 2 .2H 2 O) in deionized water at room temperature. The solutions were stirred with a magnetic stirrer for 1hour to obtain a clear solution. The glass substrates were previously cleaned in Acetone and Methanol, rinsed with large amount of distilled water then dried to remove any residual moisture and placed over a hot plate. The temperature of the samples was monitored by a chromelalumel thermocouple close to the substrates and was maintained at 350°C. The nozzle was located approximately at 40 cm above the substrate. The solution was sprayed into fine droplets using air as a carrier gas. In order to avoid any contamination, air was compressed from the atmosphere using filter to remove water and dust. Spray rate was held at 1.6 ml/min. Different solutions were prepared with different concentration amount of Fe (0, 2, 5, 10, 15 at %), the additives were controlled to obtain the The variation of the average grain sizes (D) with doping ratio of the films were calculated from the peak widths, considering the most intense peak (-111) and using the Debye-Scherrer equation [25] , is estimated from XRD patterns:
Where: λ is the X-Ray wavelength (here the used value is 0.154 nm), ∆ stands for the broadening of the diffraction line measured at half of its maximum intensity in radians and θ denotes the diffraction angle measured in degrees.
The results of this calculation are listed in Table 1 . In fact, the average crystallite size of the pure CuO is found to be 88.27 nm and decreases slightly to 40.54 nm with increasing Fe doping ratio to 15%. The decrease of the grain size leads to the increase of nucleation centers density in the doping films giving rise to the formation of small crystallites.
The lattice parameters (a ≠ b ≠ c, α=ɤ=90°≠β) of the CuO monoclinic structure were calculated using the following equation [25] [26] :
Where d is the interplanar distance and (hkl) are the Miller indices of the reflection plane.
The measured values of a, b, c are summarized in Table 1 . These values are in good agreement with the reported values in the literature [27] [28] [29] [30] and the standard JCPDS data card [31] . From table 1, it is observed that the variation of the lattice parameters are not remarkably affected comparing with the undoped CuO (x=0.00). This indicates that the doping with Fe ions has little influence on the crystalline structure. Hence, the combined action of Fe substitution and cation vacancy is responsible of such results [32] [33] .
In order to investigate the influence of Fe doping effect on the structural properties of our samples, the strain (ε) [34] [35] and the dislocation density (δ) [36] [37] have been calculated using the following relations:
The parameters ∆ and θ are defined by the equation (1), so that:
The parameter D is also calculated using equation (1) .
The calculated values are illustrated in Table 1 In order to investigate the micro-structural properties and structural defects of our samples, the Raman spectroscopy was used. The Figure 3 depicts the FTIR Raman spectra of the prepared Fe doped
CuO illustrating a number of vibrating modes in wave number ranging between 0 to 4000 cm -1 . The vibrational modes between 300 and 500 cm -1 are related to the Cu-O of monoclinic CuO [38] . The absence of absorption modes related to secondary phases of the samples or other impurities confirms the successful doping with Fe ions in CuO [39, 40] . The Figure 4 illustrates the Raman spectra of the synthesized films. When doping with Iron atoms does not affect the monoclinic structure of pure CuO.
In fact, the Raman spectra did not change when the concentration x increases from 0.00 to 0.15 of Fe doping, see Figure 4 . This result can be attributed to particle size and defects in CuO crystal structure.
Moreover, all peaks in Fe doped CuO nanostructures spectra are well matched with that of undoped nanostructures which corroborate well with XRD and FTIR results [41] [42] . The optical properties the studied sprayed samples, were measured at room temperature using the UV/VIS/NIR spectrophotometer. The transmission was recorded in the range of 400 to 1400 nm for the incident beam, the obtained results are shown in Figure 5 . As seen from this figure, the transmittance (T r ) of the films increases from 68% for pure CuO until 81% for the higher doping value of Fe (15%).
On the other hand, it is found that for small wavelength values the films are dark compounds, whereas for higher values of the wavelength the films become transparent, see Figure 5 . In addition, for a given wavelength, one can increase the transmittance by increasing the concentration of Iron. This result is similar to the results published by Oral et al. [43] . The thickness (t) values were illustrated to the Table   1 , by using the Filmetrics F20, which decreases slightly.
The absorption coefficient (α a ) [44] was calculated from Lambert's formula:
The optical band gap energy E g was estimated by extrapolating the linear part of the plots of (α a hυ)² against the photon energy (hυ) to the absorption coefficient (α a =0), as shown in Figure 6 , using the following equation:
Where α a is the absorption coefficient, hʋ is the photon energy and Eg is the bandgap energy.
The obtained value of the band gap energy of 1.29eV was for pure CuO. However, it was found to be [46] and Mahmood et al. [47] revealed that the increase the band gap of the films has been effectively increases with increasing Fe contents. Table II . The results reveal that the resistivity of the films, prepared for the present study, decreases with increasing values of Fe doping content. This result is confirmed by Figure 7 , which clearly indicates that the films have electrical properties. The XRD results confirm the same trend, which indicate that the films have a minimum resistivity at a higher concentration. This is probably due to the enhancement in the crystallinity of our films. Hence, an increasing of the electrical conductivity is found as it has been expected. Therefore, the conductivity can be expressed from the slope of the straight lines, as shown in the Arrhenius relationship [48] [49] [50] [51] [52] [53] [54] [55] . On the other hand, the increase in the electrical conductivity may correspond to a possible facility in the mobility of charge carriers. Indeed, the growth of the carrier mobility is due to Fe doping. In fact, the oxygen insertion can enhance the degree of the lattice distortion and thus strengthen the carrier scattering [56] [57] .
Consequently, the majority carrier concentration is obtained in the order of 10 17 cm −3 and decreases as shown in Table 2 . Such decrease of carrier concentration facilitates the carrier mobility, giving rise to an enhancement of p-type conductivity by more than one order of magnitude [58] . All the samples showed p-type conductivity. 
